10. Gharbi-Ayachi, A., Labbe, J.C., Burgess, A., Vigneron, S., Strub, J.M., Brioudes, E., Van Consciousness may evade detection by bedside behavioral examination. New research suggests that an electrophysiologic screening tool can identify people with severe brain injuries who are likely to be covertly conscious.
People with severe brain injuries arrive at the hospital in a coma, unawake and unaware. Many recover consciousness, but for some the comatose state evolves into a vegetative state, characterized by wakefulness (eye opening) without awareness. Though the precise prevalence is unknown, it is estimated that, worldwide, hundreds of thousands of people are living in a persistent vegetative state [1] , in nursing facilities or at home, completely dependent upon caregivers for their basic needs. On behavioral examination with the Coma Recovery Scale-Revised (CRS-R), the current diagnostic gold standard [2, 3] , such individuals show no signs of selfexpression and their movements appear reflexive. But what if some of these people were conscious, aware of themselves and their surroundings but unable to show it? This dissociation between cognition and motor output, referred to as cognitive motor dissociation [4] or covert consciousness [5] , is the focus of a study by Braiman et al. [6] reported in this issue of Current Biology. The study makes a major contribution to the field of disorders of consciousness by developing an electrophysiologic screening tool to Current Biology 28, R1335-R1355, December 3, 2018 ª 2018 Elsevier Ltd. R1345
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Dispatches identify people who are likely to be covertly conscious. The concept of covert consciousness emerged from a seminal 2006 study of a young woman who demonstrated volitional brain activity on task-based functional MRI (fMRI) despite appearing vegetative on behavioral examination [7] . Following this initial report, multicenter international studies were launched to search for covert consciousness in larger patient samples using both task-based fMRI and electroencephalography (EEG). Collectively, these studies suggest that covert consciousness may be present in up to 20% of patients whose CRS-R behavioral examination suggests a vegetative state or minimally conscious state [8] [9] [10] [11] [12] , the latter characterized by wakefulness with minimal signs of awareness. Ongoing clinical trials -for example, ClinicalTrials.gov NCT03504709 and NCT02644265 -are now evaluating the diagnostic and prognostic utility of task-based fMRI and EEG in people with acute and chronic brain injuries. Moreover, task-based fMRI and EEG are included as potentially relevant diagnostic tests in the 2018 Disorders of Consciousness Practice Guidelines jointly published by the American Academy of Neurology, the American Congress of Rehabilitation Medicine, and the National Institute on Disability, Independent Living and Rehabilitation Research [3] .
Yet despite growing recognition that task-based fMRI and EEG may complement the CRS-R in the diagnostic evaluation of people with severe brain injuries, access to these tests remains limited. Neither test has reached routine clinical practice, and only a small number of academic centers in the United States, Europe and Canada offer them in an investigational setting. Even if people could be safely transported to regional study centers for task-based fMRI and EEG, the costs are likely prohibitive. Thus, most people in a vegetative state or minimally conscious state do not have access to diagnostic tests that could detect covert consciousness.
Given that it is not feasible to perform task-based fMRI and EEG in every person who appears to be vegetative or minimally conscious, are there tools that we can use to screen for preserved cortical function? In their new study, Braiman et al. [6] aim to answer this question by testing an EEG-based screening tool that is non-invasive, inexpensive, and readily deployable. The tool involves administration of a spoken language stimulus via earphones that are connected to a laptop computer. Scalp EEG leads are used to measure the amplitude and latency of cortical responses to spoken language, an approach referred to as measuring the 'natural speech envelope'. Importantly, a normal cortical response to language does not prove covert consciousness, because this response is passive. Only an active cortical response during an imagery task (i.e. command-following) provides proof of covert consciousness, because this volitional response is not stimulus-dependent [4] . Nevertheless, passive cortical responses shed light on the integrative function of thalamocortical circuits and higher-level association regions of the cerebral cortex [8, 13] . Such passive cortical responses could be used as a screening tool to identify people with a higher likelihood of covert consciousness.
This is precisely what Braiman et al. [6] show in a sample of 21 severely braininjured people, whose cortical responses to language were compared to those of 13 healthy control subjects. The EEG-based screening test identified 10 brain-injured people who could follow commands on task-based fMRI. Of these 10 individuals, five were believed to be in a vegetative state prior to study enrollment, and hence were covertly conscious. (Notably, the behavioral diagnosis for these five people CRS-R EEG fMRI Figure 1 . A tiered approach to assessment of covert consciousness.
The gold-standard behavioral examination for detection of conscious awareness is the Coma Recovery Scale-Revised (CRS-R). The use of a mirror to identify gaze tracking, as depicted in the left panel, is one of the CRS-R procedures that increases its sensitivity for detecting consciousness over other behavioral assessments like the Glasgow Coma Scale. Up to 20% of people who show no overt signs of consciousness on the CRS-R demonstrate covert consciousness, defined by volitional brain activity (i.e. command following) on task-based functional MRI (fMRI), as depicted in the right panel. A variety of barriers prevent overt self-expression in these people, including spasticity of the extremities, as depicted in the young man being assessed here. Most people with severe brain injuries do not have access to task-based fMRI. In this issue of Current Biology, Braiman et al. [6] report the development of an electroencephalography (EEG)-based screening test to identify people who have a high likelihood of being covertly conscious. These people could then be referred to specialty centers for comprehensive assessment of covert consciousness using task-based fMRI and EEG. Figure adapted with permission from Edlow and Fins [5] ; artwork by Kimberly Main Knoper.
was revised to minimally conscious state after serial CRS-R examinations were performed by the investigator team, but these people still met criteria for covert consciousness because they showed a higher level of cognition on task-based fMRI than they did on the CRS-R).
Remarkably, Braiman et al. [6] found that, in brain-injured people who followed commands on task-based fMRI, the EEG-based cortical responses to language were indistinguishable from those of healthy subjects. In contrast, brain-injured people who did not follow commands on task-based fMRI showed abnormal EEG-based cortical responses to language. Based on these observations, the authors suggest a reformulation of the diagnostic classification system for people with disorders of consciousness -one in which taskbased fMRI data are integrated with behavioral CRS-R data.
While larger, multicenter studies are needed to reproduce these findings and validate the proposed diagnostic classification system, it is not too soon to consider the ethical and clinical rationale for covert consciousness screening. If EEG-based screening tests developed by Braiman and others [6, 14, 15] can identify people who are likely to be covertly conscious, should these tools be disseminated worldwide? Ethicists argue that providing access to covert consciousness screening tools is a civil rights imperative [5, 16] . The ethical foundations for this argument are built upon the potential clinical import of covert consciousness, which may be actionable. From a therapeutic standpoint, it is possible that a person with covert consciousness could use a braincomputer interface for assisted communication. These devices translate cortical signals into discernable words via a variety of methods, such as controlling a cursor that types letters on a computer screen. Implementation of braincomputer interface devices has been challenging in people with disorders of consciousness [17, 18] , but intracranial [19] and scalp [20] devices have successfully opened up new lines of communication in people with lockedin syndrome. It is thus possible that a person with covert consciousness could similarly regain the capacity for selfexpression.
As an ethical framework for assessment of covert consciousness emerges [5, 16] , and as investigational tools move toward clinical translation, one can imagine a future in which hundreds of thousands of people worldwide are given access to an EEG-based screening test. When this test shows preservation of cortical function, people could be referred to specialty centers for comprehensive diagnostic evaluation with task-based fMRI and EEG (Figure 1 ). The medical, ethical, and societal implications of this practical, tiered approach to detecting covert consciousness are profound.
As a clinician who cares for people with severe brain injuries in the intensive care unit and outpatient clinic, I meet many families who request enrollment in an investigational fMRI and EEG study for their loved ones. One family asked, ''does our son hear us when we speak to him every day at his nursing home?'' Over a decade of research has now been devoted to this question, and the landmark study by Braiman et al. [6] brings us closer to providing families with a reliable answer. The thought of a single person with covert consciousness being unrecognized and voiceless is alarming. The possibility that thousands of people around the world may be covertly conscious is a call to action.
Flying animals expend considerable energy. A new study reveals that bats reduce their flight power requirements by nearly a third when flying in 'ground effect' close to the surface.
Flight is an energy demanding form of locomotion, particularly at slower speeds and when taking off from the ground or water. Consequently, aerodynamic mechanisms that can save energy and reduce flight power requirements are of key importance and likely to be under strong selection. Many flying animals take off and land from the ground or water, and many birds and bats forage (and drink) close to the water or ground surface. Examples include seabirds, such as black skimmers, frigate birds and albatrosses, that soar and forage over the ocean surface for days to months at a time [1] [2] [3] , barn swallows that forage for aerial prey close to the ground [4] , and many waterbirds, such as cormorants, mallards and oystercatchers, that commute by flying close to the water surface [5] . Also many species of echolocating bats fly close to the ground or water [6] . By doing so, these animals regularly experience a reduction in drag due to what is commonly referred to as the 'ground effect'. Now, in a recent study in Current Biology, Johansson and colleagues [7] report the first experimental measurements of how ground effect influences the drag and power requirements of flight by Daubenton's bats (Myotis daubentonii) (Figure 1) , which drink and forage for insects on or directly above the water surface.
When a bird or a bat flies close to the ground, the surface acts as an aerodynamic mirror reducing the downwash produced by the wing [8] . This may be observed by the interruption of vortices shed from the wingtips into the animal's wake. The surface effectively reflects a 'mirror-like' upwash of air vortices, which increases the pressure under the wings and, as a result, reduces the power requirements for flight close to a surface. Historically, the ground effect has been modeled using steady aerodynamic theory that applies well to fixed-wing aircraft and gliding birds, bats and insects. In general, aerodynamic theory indicates that ground effect will reduce flight power costs when flying at an altitude (h) that is within one wingspan (b) from the ground or water surface (i.e., when h/b < 1), with flight closer to the surface requiring progressively less power. Ground effect is well recognized by aircraft pilots during take-off and landing, with appropriate adjustments in wing angle of attack and engine flight power being required; power is increased when leaving ground effect on take-off and reduced when in ground effect upon landing; otherwise, a problematic case of floating over the ground for too long may occur, leaving insufficient runway to land safely. Indeed, ground effect was of concern in the early designs of helicopters [9] , enabling them to achieve sufficient power and stability when taking off and subsequently losing the reduced drag benefits further away from the ground (in the case of helicopters, this occurs at altitudes greater than their rotor's diameter).
Johansson and colleagues [7] trained Daubenton's bats to fly in a wind tunnel (in itself a significant achievement) and used a technically sophisticated state-ofthe-art approach (tomographic particle imaging velocimetry) to record the three-dimensional patterns of airflow shed by the bat's wings. By analyzing the shed wingtip vortices' subsequent interaction with the ground when flying in ground effect versus when flying out of ground effect (h/b > 1), they were able to quantify its influence on the bats' flight power requirements. Additionally, they cleverly created a treadmill surface within the wind tunnel flight section that moved at the bat's flight speed (4.5 m/s) to ensure that the bat's relative ground speed was matched, as it would be in nature. From their airflow recordings, Johansson and colleagues [7] show that the vortices shed from the bat's wingtips dissipate and are particularly weak when the wingtips complete their downstroke close to the ground. As expected, the dissipation of
